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A Video Display Graphic Processor

Abstract

To aid in the study of neural reflexes of the ocular nerves of
various subjects, the Biomedical Department is in need of a general
graphic display processor. The primary purpose of the graphic
display in this case i1s to display a variety of objects and have
them move in certain pre-programmed paths. These moving objects,
when placed before a subject such as a frog, will serve to
stimulate the ocular nerves whose impulses will then be recorded
and analyzed. Further on 1in the <cycle of experiments, the
processor will be connected to a host 68000 based multi-processor
system. This system will enable the 68000 to download images and
control the movement of patterns displayed to the subject under

test and in effect, close the feedback loop.

The motivation for this project is two-fold in nature. The
first concern dis that a versatile, lLow cost interactive graphic
system can be implemented with current state of the art MSI and LSI
designs and secondly, by wusing LSI devices with the appropriate
support circuity, design and build the necessary hardware and
specify the software outline to produce such a graphic system.
Until recently, many designs to produce Low <cost, interactive
graphic displays centered about devices such as CRT controllers and
single chip/system microcomputers. While it is possible to produce
relatively simple graphic images by these methods, it becomes
almost impossible to generate more complicated multiple (>3) images

and support the animation program while at the same time acting



interactively with the user.

The use of a "two part" system consisting of a microprocessor
and video graphic processor would alleviate the problems
encountered above and would fulfill the premise of a low cost
interactive graphic systen. The microprocessors' function would
include interpreting user <commands, update display files and
implementing the animation subroutines. The video processor would
control the storage, retrieval and refresh of the display data in
the dynamically refreshed memory, provide the necessary video
timing (ie. H sync V sync, etc.) and originate the composite video
for the CRT display. This method provides an efficient solution to

the project goals.

This project 1is <centered around the hardware design and
implementation, along with a Llimited set of graphic primitives to
demonstrate the workability of the design. To date, graphic system
implementations have taken the following approches. They are: 1)
frame buffers (single and multiple), 2) real time scan <conversion,
3) run length encoding and 4) cell organized displays. Generally
these techniques employ fast, expensive hardware and optimized
software which increases the cost of many systems. With the advent
of a new generation of commercially avaliable IC's ( termed a Video
Display Processors (VDP)), the realization of Llower <cost and

versatility become closer at hand.

Some of the more prominent design goals to be addressed by the
project are: 1) the capability to generate and animate various

shapes such as open and solid geometric shapes (ie. <circles,



triangles, etc.) 2) multiple images, 3) varying images sizes, &)
reverse video capabilities and 5) flicker free animation. The
display area will be 192 by 256 pixels (aspect ratio of 3:4) and
will also have the capability of a Limited gray and color scale.
Therefore, the project will consist of designing and assembling the
essential hardware and specifying the necesary software that needs
to be be incorporated to yield a stand alone interactive graphic
display. Basically the hardware building blocks will consist of a
R6502 microprocessor system in conjunction with the VDP and
associated support hardware such as video RAM, clock stretching and
deskew circuitry and NTSC video signal conditioning circuitry. The
system must also be able to service either a terminal and/or a high
speed serial data Link to the host 68000 system. A list of graphic
primitives will be specified and some will be implemented to
demonstrate the workability of the hardware. These primitives

would fall into the skeletal form of the graphic operating system.
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Conventions Used Throughout This Thesis

subroutine GETCHR

variable CHAR

GETCHR
$08

w
Y

2 exp n-1

Represents hexidecimal notation
Subroutine names are capitalized
Variable names are capitalized

Indicates a subroutine GETCHR, Numbers indicate
possible error codes generated by the subroutine.

Represents program flow, number indicates path
number

Indicates a two or three way decision

Logical OR or union

Closure operator indicating zero or more instances
Indicates a subset

Represents division

Equltivalent to 2"



1. Introduction

The term '"graphics system" 1is one of the many terms in
electrical engineering and computer science that has multiple
definitions. Graphics systems can range from a video game as
simple as the early PONG game through large systems such as General
Electric's CALMA systems. Recently, video games represent the
first major use of computer graphics in the home. Basically these
games create and manipulate pictures with the aid of a computer
(microprocessor). The user provides feedback to the system through
the use of joysticks, push-buttons or potentiometers. The video
display quality provided by these systems range from low to medium
resolution. In general these systems are Llimited in their video
quality by two factors. The first dis the display technology.
Generally, the displays used in these games are color or black and
white "television quality" raster scan devices that have a video
bandwidth of 13-15 MHZ. Secondly, the graphics engine that creates
and clocks out the pixel information is relatively slow compgred to
high performance systems. At the present time, the <cost of high
performance CPU(s) and video memory rises exponentially with the
speed factor. These are the two main limiting hardware conditions

that exist in designing a graphics system.

At the other end of the spectrum, the high end graphics
systems, are things such as real time flight simulators/trainers
and CAD/CAM systems. These systems consist of extremely high
resolution displays with video bandwidths greater than 100 MHZ that

can accommodate at least a 1024 by 1024 pixel display format. In



addition, the graphics engine is for the most part subdivided into
a number of tightly coupled engines. They are the object
generation Central Processing Unit (CPU), display list manager cpu
and object animation/display cpu. In many cases these machines are
16/32 bit <cpu's, or specially designed bit-slice/LSI devices.
Depending upon the desired performance of the product, these

building blocks are optimized and combined accordingly.

This thesis deals with the lower end of the graphics system
spectrum. The goals of this work <can be summarized by the

following points:

a. To design and implement a low cost graphics
system with the abjlity to easily create and
animate objects.

b. To specify, and to a Llimited extent dimplement, a
graphics language that can generate objects and that
has the necessary ‘"software hooks" to implement

the part of the language aimed at animation.

The keywords to be highlighted are “lLow cost", "specify"”, and
"animation". Low <cost is defined to mean that the hardware cost
should be in the range of $100 to $150 for a stand-alone graphics
processor. "Specify'" means to develop the language constructs that
are needed to do the job. "Animation" is used in the —context of
using the frequency, direction (x,y,z axis), and delay as motion

attributes of an object.

This thesis discusses the methodology used to design both
hardware and software. The initial thrust of this project was to

develop only the graphics hardware. Through subsequent discussions



with advisors and other graduate students, the language aspect
became more significant. This thesis represents the results of
these discussions along with some enhancements deemed appropriate

by the author.

1.1. Graphics Systems

Graphics systems can be configured in many ways, depending
upon their iJntended use. At one extreme is the "stand alone"
graphics system shown in Figure 1-1. Nearly all of the system's
computing capabilities and most of 1its memory resources are
dedicated to the display task. Systems such as image processors,
computer aided design (CAD), and graphics work stations fall into

this category.

At the other end of the extreme is the configuration depicted
in Figure 1-2. Nearly all of the graphics~generation functions
must be performed by the host computer's hardware and software.
The graphics system 1is reduced to a graphics terminal and the

display generation elements of the host interface.

Raster graphics systems fall midway between these two
configurations. With few exceptions, smaller stand-alone graphics
systems rarely have the computing power to perform all of the
extensive modeling and viewing functions required to convert source
data to graphics form. The generation of a raster graphics display
can, at the same time, impose a severe burden on a host computer's
processor and memory resources. To overcome this problem, the

concept of a graphics engine or controller has been developed.
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The graphics engine is responsible for a LlLarge portion of the
repetitive graphics functions such as video memory accesses, pixel
clocking, and in more advanced implementations, updates of display

lists and user interface.

The term "graphics engine" can be applied to devices that
range from integrated circuit (IC) components to dedicated mini and
mainframe computers that are wutilized for graphics tasks. The
early video games are examples of IC implementations of this type
of system. In the move towards offloading the microprocessor of
various graphics tasks, the video display processor (VDP) or
graphics display controller (GDC) have surfaced. These devices may
contain some or all of the following features: eight bit parallel/
bidirectional data bus, interrupt structure, direct video RAM
access/update, microprocessor memory DMA, generation of National
Television Systems Committee (NTSC) composite color video
information/horizontal/vertical signals, high speed (725 MHZ) pixel

clock rates, and video RAM refresh if dynamic RAM's are used.

1.2. Hardware Design Overview

1.2.1. The Microprocessor System

The approach that was used to accomplish this project was to
design a 6502 microprocessor based system and couple it with a
Texas Instruments TMS 9918 VDP. The microprocessor system was

designed to include the following capabilities:



Sufficient RAM to create/edit/store display Llists.

Sufficient serial ports to communicate with the
user's terminal and also to down/upload information
to a host computer.

Parallel ports to interface to user devices such as
a joystick, trackball, etc.

Sufficient timers to permit the animation of a
number of objects or to start/stop tasks 1in a
multi-tasking environment.

The designed system block diagram can be seen in Figure 1-3.

The

6502 based system resides on one $-100 form factor wire-wrap

prototype board. It includes:

Two R6551's Asynchronous Communication Interface
Adapters (ACIA) for the RS$S-232 Llink to the users
terminal and host computer.

A MC6840 timer that contains three hardware timers
able to operate in various modes.

A R6522 Versatile 1Interface Adapter (VIA) that
contains two hardware timers and two 8-bit parallel
ports.

8K bytes of static RAM.

16/32K bytes of ROM that contain the micro-
processor/VDP monitors, download program and
graphics interpreter.

1.2.2. The Video Display Processor System

The microprocessor system communicates with the video

section.

The graphics board specifications were as follows:

The display area was to be 192 X 256 pixels (3:4
aspect ratio).

display
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- Black and white was essential and color was
not necessary.

- The movement of objects should not overburden
the microprocessor,

- The foreground/background colors could be
exchanged instantaneously (reverse video).

- Object movement should be flicker free.
- System should be expandable (re: multiple display
planes or VDPs).

Many designs for this portion of the system were considered.
The areas 1investigated include single and multiple frame buffers,
real time scan conversion hardware, optimized run-length encoding
hardware and cell organized displays. As will be pointed out
later in the paper, these approaches had both good and bad
qualities. The reason they were discarded was their cost was too
high. The VDP had just appeared on the market and although it was
a first generation device, it had a number of important attributes

that allowed such a system to be designed at a low hardware cost.

The graphics board block diagram can be seen in Figure 1-4.

It consists of the following devices:

~ The TMS 9918 VDP.

- 16K bytes of video RAM.

- Composite video amplifier and CRT interface.
- Interface to the host CPU.

- Address decoding.
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The graphics subsystem was connected to the S100 form factor
backplane, and the VDP appeared as a memory-mapped peripheral in
the main (6502) processor's address space, allowing fast and

efficient information transfer.

1.3. Software Design Overview

In order to make the graphics system functional, a set of
graphics commands and support software had to be designed and
implemented. The scope of this task was Llarge enough to easily
exceed the project definition. In order to make the hardware
useful, a Llimited set of support software was specified and

written. This included:

- A microprocessor monitor (adapted from another system).
- A graphics processor monitor.

- A download program.

- Terminal handler (user interface).

- Lexical Analyzer.

- Command interpreter.

- Graphics language.

The scope of the graphics language was sufficiently large that
only a subset was implemented in thg current system. The terminal
handler, lexical analyzer and command interpreter design had to
take this dinto account. Support for the implementation of the
entire graphics language command set, and also an editor, were

included in the system.



In order to make the system as

support of file systems,

the size of the machine,
capable of
this

fully developing

implementation.

an editor would be required.

executing 14 commands was specified.

graphics
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independent as possible for

Because of

rather simple, but wuseful editor,

The problem of
left for

editor was future

To provide the reader with an introduction and overview to the

language and its
below.
subset

only a were

marked with an asterisk.

1.3.1. Graphics Primitives

grammar,
While a complete set of

implemented. The

* a) MOV M,X1,Y1

* b)

VEC M,C,X1,Y1

c) BARC M,C,X1,Y1

d) MARC M,Xn,Yn

the system <commands can be reviewed

system commands were specified,

commands implemented are

Move cursor to new location specified

by Mode (M), to X,Y

Draw a line from current position to a
point specifed by Mode (M), position X,Y,

with Color (C).

Draw an arc with this point as a defined
beginpoint with Mode (M), Color (C), at

position X,Y.

Draw an arc with these sets of control
points specifed by Mode (M) thru

points X,Y.



f)

ag)

h)

a)

b)

EARC

ARC

DTX

CIR

RECT

M,Xn,Y

M,R,C,X

C,"XXX"

M,C,R,X

n

,Y,D

Y

M,C,X1,Y1,X2,Y2

1.3.2. Windowing Commands

SWD

SVP

X1,Y1,

x1,Y1,

X2,Y2

X2,Y2

12 -

- Draw an arc with this point as the

defined endpoint specifed by Mode (M),

to point X,Y.

- Draw an arc thru a2 set of defined points

with radius (R), Color (C), center (X,Y),

thru D degrees.

- Display the string characters with

Color (C).

- Draw a circle with Mode (M), Color (C),

Radius (R), with center at X,Y.

Draw a rectangle (square) with Mode (M),

Color (C), with Length X1,Y1, Width X2,Y2.

Set

and

Set

and

window using X1,Y1 and X2,Y2 as length

width from current cursor position.

viewport using X1,Y1 and X2,Y2 as length

width from current cursor position.

1.3.3. Display File Creation and Minipulation

a)

b)

DEFIL

ENDFL

XXX

Define an image file with name xxx.

End

image file name xxx.



c)

d)

e)

f)

a)

1.3.4.

a)

b)

c)

d)

e)

)

LSTFL

DSFIL

RMFIL

CALLI

RETIF

Anim

X XX

X XX

XXX

XXX

ation File Attri

_13_.

List the image file xxx.

Execute file name xxx.

Remove image file with name xxx.

Subroutine call to image file xxx.

Return from subroutine call.

butes

PATHX

VEC

DELAY

REP

0sCIL

START

Y X,Y

X1,Y1,%X2,Y2

nnn

nnn

nnn

XXX

Indicates the points X,Y thru which the

object will move.

Describes a linear path for an object

between endpoints X1,Y1 and X2,Y2.

Defines the time period in seconds to

delay object motion.

Defines the number of times to repeat the
objects movement. The movement between
endpoints A and B would have the

form: A-B, A-B,....A-B.

Permits the motion of an object to be
repeated in an oscillatiory manner,

(i.e. A-B-A-B-A-B..), nnn times.

Starts the movement of object xxx.






